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DESIGN STUDY OF BEAM INJECTION FOR SUPERKEKB MAIN RING
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Abstract

The SuperKEKB project is in progress toward the initial
physics run in the year 2015. It assumes the nano-beam
scheme, in which the emittance of the colliding beams
is ¢ = 4.6nm. The emittance of the injected beam is
¢ = 1.46nm. To achieve such a low emittance, it is vi-
tally important to preserve the emittance during the trans-
port of the beam from the linac to the main ring (MR). One
of the most difficult parts is the injection system. We are
considering the synchrotron injection for the electron-line
to avoid a beam blowup in the ring after injection, which is
caused by a beam-beam interaction with the stored beam.
The optics study for electron injection and the current R&D
status for the septum magnet is reported in this paper.

INTRODUCTION

In KEKB accelerator, the beam injection had been per-
formed with the betatron injection scheme which inevitably
induces betatron oscillation [2]. However, this scheme may
not be available for the SuperKEKB accelerator, since the
very low survival rate of injected beam is expected, es-
pecially for the electron ring. In the nano-beam scheme,
the transverse position translates to the longitudinal shift of
the interaction point. Since the beta-function is strongly
squeezed in the vertical plane at the interaction point, a
particle which has a finite vertical amplitude experiences
a very strong beam-beam effect during the horizontal os-
cillation. A transient blowup of the injected beam due to
this effect is expected to make the injection efficiency very
low, specifically in the electron ring because of its narrow
dynamic aperture. The result of the tracking simulation is
shown in Figure 1, where the survival rate of the injected
beam is supposed to be 24%. Therefore, another injec-
tion scheme has been considered: an injection to the syn-
chrotron phase space, or shortly the synchrotron injection.

SYNCHROTRON INJECTION

The synchrotron injection [3, 4, 5] is free from the strong
beam-beam interaction, since it does not cause the horizon-
tal betatron oscillation. Figure 2 shows diagrams of the be-
tatron and synchrotron injection schemes. In the betatron
injection scheme, the injected beam has the same energy as
the stored beam, thus the injected beam has the betatron os-
cillation according to the distance Ax between the injected
and stored beams at the injection point. On the other hand,
in the synchrotron injection scheme, the injected beam has
the energy difference AFE from the stored beam; if AF has
the proper value, Ax is converted to the synchrotron oscil-
lation.
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Figure 1: The tracking example of the betatron injection are
shown. From above, the horizontal beam spread x:/ 0,0, the
horizontal emittance £, the vertical beam spread y/o 0,
the vertical emittance ¢, and the number of surviving par-
ticles are represented as the function of the number of turns.
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Figure 2: Schematic view of injection schemes.

Requirements for Synchrotron Injection

To perform the synchrotron injection, it is necessary that
the sum of Ax and the radius of injected beam is less than
the radius of the dynamic aperture of the stored beam. And
also the Ax should be greater than the physical acceptance
including the effective septum width wg. The criterion is
expressed as the following equations:

Ar = an(SO
= nz\/ﬁxlsm + (Nerosr)?
+wg
2
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60 + 206] - 6maxy (2)

where

e 7).;: the horizontal dispersion of the stored beam for
the injected beam j = I, for the stored beam j = R,
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e Jp: the energy difference of the injected beam from
the stored beam,

® Jnax: the maximum energy acceptance of the ring,

e 7n;: how much part of the beam is considered in the o
unit,

e [3;;: the horizontal beta function,

® ¢,;: the horizontal emittance.
In Equation (2), dax 0f 0.65% is assumed, which has been
confirmed by the optics study. Figure 3 shows allowed wg

to the horizontal dispersion in the each energy spread value.
The assumed values are following:
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Figure 3: The allowed wg to the horizontal dispersion on
some cases of energy spread.

ng = 25 3)
Ber = 20[m] (4)
€xr = 1.46[nm] (5)
Ner = 0 (6)
ng = 3.0 %)
Ber = 60[m] (@)
exr = 4.6[nm] 9)
osg = 0.059[%]. (10)

The parameters wg, 7zr, 0so in equation (1) have
greater effects to Az than the others; making wg or o
smaller or making 7, r greater helps to perform the effec-
tive injection. It is important to control these three parame-
ters, studies about them are described from the next section.

SEPTUM UPGRADE

According to the above discussion, smaller wg derives
more effective injection. We have designed the new septum
magnet and have calculated the transient magnetic field.
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Table 1: The KEKB and SuperKEKB parameters con-
structing wg are represented.

Part KEKB | SuperKEKB
Septum conductor 1.5 1.0
Si-steel sheet(s) 2x0.5 0.5
Wall of MR beam duct 1.0 0.5
Gaps in total 1.0 0.5
Bad uniformity field 1.0 1.0
Total 5.5 3.5

Design & Field Calculation

In KEKB, wg is 5.5mm including bad uniformity field
region; according to Figure 3, very large 7, g or very small
050 1s required, though it is impossible. Therefore, the de-
sign study of the septum magnet was performed to reduce
wg. The contents of wg = 5.5mm and their reduced val-
ues for SuperKEKB are shown in Table 1. In association
with the decreasing of wg, the increasing of the leak field
is expected. To suppress that, the MR beam duct is planed
to be made of a magnetic material with the copper or sil-
ver coating. The core gap is also reduced from 11mm to
6mm, intending to compensate the strength of the thinner
septum conductor than before and to reduce the leak field.
The schematic view of the design of the SuperKEKB sep-
tum magnet is shown in Figure 4. We confirmed that the

Schematic view of SuperKEKB HER septum

Mainring

Septum Magnet

Figure 4: The schematic view of the SuperKEKB septum
is shown.

leak field from the designed septum magnet into the MR
beam duct is sufficiently suppressed to the same level as
the KEKB septum magnet, using the OPERA-2D software.
We have determined to prepare the prototype to confirm ex-
perimentally.

Construction

To obtain the prototype, it is easy and low-cost way
to improve the backup septum magnet for KEKB. The
1.0mm-width septum conductor had been produced suc-
cessfully, then the exchange had been done without any big
problem. The prototype of the MR beam duct is also pro-
duced.
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Figure 5: The picture of septum magnet is shown. The
direction of view is the longitudinal along the beam line.
The septum conductor is seen in the right-side of the core
gap which is the pass for the injected beam; a vacuum duct
for stored beam is placed on the right-side of the septum
magnet.

Preparation for Field Measurement

We plan to measure the transient magnetic field with the
pickup coil. The properties of the coil is: the wire turns are
20 and the outer and inner radii are 0.6 and 0.5 mm, respec-
tively. We will compare the leak field outside of the septum
conductor in the KEKB septum conductor and 1.0mm con-
ductor case.

OPTICS FOR SYNCHROTRON
INJECTION

This section describes the study about 7,z which is de-
cided by the MR optics. To obtain the maximum absolute
value of 7, g, the optics study was performed with the SAD
program[6]. Figure 6 shows the result, where the top and
middle rows indicate the beta functions and the dispersions,
respectively. The obtained result is 7, = —1.6[m] with
€ = 4.64[nm]. It satisfies the SuperKEKB design.

ENERGY SPREAD OF INJECTED BEAM

The last one of the three parameters is os¢. It is decided
by the injector linac. Assuming the beam bunch which has
the Gaussian distribution with 3mm(10ps) FWHM, after
the bunch is accelerated by the 2856MHz field, the energy
spread is 050 = 0.4][%]. In the rectangular shaped bunch
case, the energy spread is 059 = 0.12[%]. The study to re-
duce the energy spread is on going in the linac group and
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Figure 6: The result of optics study is shown. The top and
middle rows indicate Sr and 7g, the blue and red color
represent the horizontal x and vertical y axes, respectively.
The bottom part shows a part of a number of magnets on the
beam line. The injection point is named as "INJECTIO’,
where 1, r takes the minimum.

our requirement is 59 = 0.1[%].

CONCLUSION

It has become clear that the synchrotron injection is pos-
sible on the SuperKEKB accelerator, and the injection ef-
ficiency mainly depends on the effective septum width,
the horizontal dispersion of the MR optics and the energy
spread of injected beam. The parameters on synchrotron
injection are preliminarily designed as follows:

wg = 3.5[mm] (11)
NeR —1.6[m] (12)
oso = 0.1[%)], (13)

where the injection efficiency is roughly estimated as 70 to
90 %.

The magnetic field measurement of the septum magnet
is in progress, the values are officially decided after it is
confirmed that the leak field is sufficiently suppressed.
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